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(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve a practically satisfiable film-forming speed and 
improve a photoelectric conversion characteristic by including a specific amount of phosphorus 
atom and setting the X-ray or electron ray diffraction intensity of (220) plane to be a specific 
ratio to the total diffraction intensity. 

SOLUTION: This silicon thin film contains 1-100 ppm of phosphorus atom and the diffraction 
intensity of the (220) plane of the film by X-ray or electron ray diffraction is >30% based on the 
total diffraction intensity. Especially in the case of a photovoltaic element produced by 
successively laminating an n-type, an i-type and a p-type silicon semiconductor layers, the i- 
type silicon semiconductor layer acting as a light-absorbing layer preferably contains the silicon 
thin film. The silicon thin film and the semiconductor layers in the photovoltaic element are 
preferably formed by CVD process using high-frequency having a frequency of 10 MHz to 10 
GHz. The concentration of phosphorus atom in the silicon thin film of the photovoltaic element 
preferably increases toward the side of the electrically conductive substrate. 
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^xmximmmmzxh {220 <7)mm^<m 
[m^m2 ] 100 p pmOTco'j yis^^sr-^^r-r-s 

"^mm^^-vhhz t ^mkt i-^mm 1 

IM^63 ^^3 0MHzJ.:JLJi5 0 0MHzJ.:I.T 

i>h;it^mLt^tmm5tmco=yv^y^mm. 
3 y^^i^m^m^^j:< t h^-t^^mi^m 

tiK ippmVJ±co^jym=^^is^t. x^y^x^xti 
^^Hl^ftc J: ^ (220) com^cniWi^^m 
^<7) 3 0 XmL-Cht >- U n y^m^^^-r ^ ^ t $r 

[1^3® 1 0 ] tmi^ »j a y^mmi^mnm^ i mco 

im^mil} ii'^^<^i-OC0p i nSf-^Sr^^b, 
^P i n^co i m^mtf^m^i^ U 3 y^^mi^SrW 

[M*^ 1 3 ] mi^^'^mii^-cs»^ ^ t 
I mm 14 3 Bifiei^ y 3 y m^^^^s^ 1 0 m h 

im^m 1 5 3 fjiBxy 3 yi^^M;ip'^2g^3 0 mh 

ztUi5 OOMH zOTO^^zgjS:fflv^/cr^:^vCV 
[m-^m 1 6 3 m^i^ U n G e t> L < <iC 
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[ff^ 17} i^-=^< fc t, -ocop i n^^$:^ t . 
i n^^<r>o%mmzi>'ythi^\M<r>P i 

'J3y^^j^5:B^-rs:ratc±3V^T. m^it-SvU 
ny^^J^^&Uppml^LhfiO'JyM^^'^Wt. x-y^ 
10 Xitaxt±mi^0ifftci: & (220) (r)m\^<m^ 

t(^^wm}^(r> 3 0 x^Lttch X 0 kzum-h <r 1 5: 

[ifM 1 9 3 m^^iih »j 3 y^^]^;&^ 1 0 0 p 
p m\:xr<r> u y;g^^^ ^^rf s J: 3 t,zvmfh zt^m 
mt^mim 1 sie^ioi^ y 3 y^^Mioj^s^:^, 
[^^2 0 3 m^^ixh »j 3 y^^jg^ip i m.^ 
wt^jihXo ^zwm-h <! t ^m^t ^hmim 1 se 

^cov- >; 3 y^OTcojg^^r^, 
[ifi^2 1 3 m^^fihi^')^y^mm.^\iz^^fi 
20 s'jyiE^f7)ii^Biiie^ii-cK<=5:Scta(3©JW- 
^ c t ^mmt^m^ 1 stMc^v- y 3 ymm^r^ 

[^^2 23 J^^IBtlOMHzOiilOGHztJlT 

'j-ny^mmimmmi. 

{m^2 3 3 m.W30UH z.mL5 0 0 mh ztl 

>'V^ym§.mcm^:m, 

[is^2 4 3 mmmmnm^m^^^xmiU m 
mLt'thm^2 2i^oi^i; ay^nmmm 

[it^2 53 ryX-?CyDmt:m\'^X^0±{ZK 

tiJ^r^T. luiSi^y3yi^^i*c®£3>ii.-:3:<i:t>-o 
1 P P mi:j±m y^'f^a^^b. xv :7;;^|&X«i 

m^0irftc J: ^(220) <7)mmmmcm^ip^m^ 

m^co 3 0 %mJLTJ> U 3 y ^^^11^^^^ J: p 
[fSOT 2 6 3 mfSi^ y 3 y^^M**' 1 O 0 p p mtl 

rmy)^.'f^t:^t?>xdizmmthztt:mLti' 
[mm2 7 3 mm>' u 3 y^nm- 1 m^ii^t ^ 

I, i: ^ tc$0 ^ t ^^fc-r ^i3OT2 5Xli 2 6 

izimmMmim'fcomtijm, 

{mm2 8 3 mtai^y 3 y^i^M^^t^i^^ix^ y y 

50 a. 
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[ m^m 2 9] mBi^vzt y^nm^ mim, i o m h 

[ m^m 3 0] imi^va y?mm ^ 3 o m h 
zm: 500MHz vxr<o^m^i:m\'^xm^-th z t 

^ttm^t comcom^^ 3 c mmLb-thZ t ^ 
[0001] 

x/^tii:^m^'^iim'f. >'V:3y^mm<m^im 

[0002] 

im^crfm] m^t:m-i^'j^y^Bmcm^^ 
[00 0 3] ztii^commj^^mm-^^mtLx. ± 

^WMtfZmttmt LT. "ON THEWAY TOWARDS HIGH EF 
FICIENCY THIN FIUl SILICON SOLAR CELLS BY THE "MIC 
ROMORPH" CONCEPT". J. Meier et. al.. Mat. Res. Soc. 
Symp. Proc. Vo1.420,p3. 19%t;:(±. ( 1 1 OM 

Hz) ^zxh^rt-i^^m\>^t:is^^mizx-oX2 
t7. 7%co^^mimmt: t v ^ a n^m^ 
i^'j rj ycommm(oi!^'mtci3. l%$:^^3tt 

ip^j:^ixX\^^^. 
[0004] 

iimifz^mm.im^^hi.cox'h^ti\ imtt 
x^^^mmmx o t^h\,z\,tmm]^if^^+mt: 
ib. m^sm^z-y\^x{mmmicmmi^^vu±^j:^'^t 

[0 0 0 5] tti. --mmizm^^^^^^i^v^ym 

y</>^yy^jy^7rsy\^^ mm.^j&mi^z^thv^-f 
i^. i^ikm<^r-^^^j:i:mmi,zx->x^^rvr(o 

nX'hhtU\>'^x.^<^'yXLtoZtimi^tiX\^'^ 

[0006] }M<^^^mm'htz^<on^h lt. 
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St. ^yr^j:t'^X6m^cot\m^iff'yrz^. i^u 
n ymm<m^tyif^mmx<or:=--fvm ^mi 

m^im^M<L':ixh^:mib^mmt^j:'yX 

[0007] -e^T, :^^±±MUzmm^:fmL. 
mmnzmm^y^uzh^^mmx^x^. 

10 [0008] 

(220) com^SSJffi^l^^lelJH^fiO 3 0%l.:Ui 

[ 0 0 0 9 ] i^::. ^^a. mujiic. K^^zm^j:^ 
m'&^^i-i> u 3 y?^mii^m^^(^-^j:< t t>w 

iJ^=S:< i: t-'^*^ 1 P P mVXtm yWFt:^^L. 

X ^xux\m^mizx ^(220) co0t»r^ 
20 <r^\^^m^m^<rf3o%mLXh^i^u^y^Bm 

[00 10] *%0Hii. y-yx^cvDmm 

mj^^ti^ iy'Jo y^mm^ l p^p mUtOi; yi^i^S: 
-^^t. x-y^xSlXlim^IalJftciJ:^ (220) co 

[00 11] mtx. ^mMi. r^x^cvDm^m 
30 uxmL±<,zm^^zm^j:hmmm^^^>''j^y^ 

•y ^'Aiaxtim^iHiwfciis (220) <r)mvm.(r> 

[0012] rn^i^ V 3 y^nm^co v ym^(7)mmi 

40 ny^mmmmm^zimco^^xh^iitfpmL 
\\ ;?^>c. Wii^vziymf^^mym-<om.ii^ 
^ti-t:ibmtL<. mLmx-mwrnti-^nt 
i>^ntt\^\ Ui^v^y¥mmi±mmLioMH2.\:j± 

lOGHzOT, X*)ntt<\mmi30UHz.VJ± 
5 0 OMH zOTcO^^&^fflV^Jtr^XvC VD^r 

<iic^^^Lxi>Xi\ mmmmiw^m^^^xmB 

50 [0013] miS^W)m^i:i , ^i^=5:< i: ^-^cOp 
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ii'^=5:< i:t)-Oi?5p i nfif^^^t. Up i 
[00 143 

mm^^nfitim^. *%Bg#ii±isLfciPPmtUi£7)'j 

[0015] ±Mmmz't^;it^x 0 . mrcof^ffl 

[0016] ^^am^-n^ 'J n yti-flfttc^>f y 
h'lSji^^^. x'J=7>'l^™4iE{lfiS^A46TV>^ 

CO U VM^^Sr^A-r^. h , ^n^iiJt y VM^ tiBuietO 

[0017] jb3Scoi^ 0 3 ym^j^t^-^W^ns y vig 30 
^m^^iiooppm\:xrxhh:itt^ii}tLu. 'j 
vm^^^oig^ iooppm^jg;c-&h>'y3 y^mm 

^\.zui^^)oym-mm\»^fzi6m-nn'f^i^^^ 
x\t. ±.wm:ip 10 Op pm^mttt^^mmi^ 
imyLxLto^^fxjfh^. 

[00 18]^/^, (220)ffi*^^cTOt3Ef^ilU 

efm^(M~^ry:^}mi^^^t:.isb. wm^zmwj: 
-^H<r>^^^}rmm\zmix\'^ht^t^ixh. ^ 40 

tts^y =?yrt±, ^mt-^ 1 i^^toieiM^c^ 
^nc*t^§ (220) m<^mtf\mM<m-^\m2 3%t 
^t.m-h. {2 2o)m<rfmtm^(om^23%^ 

y n y^^Kli, (220) ffi:^iSitcE 

i^m^'t6:iti,z^j:^, i^tc ( 2 2 0 ) mcnm^mm 
m^ij^3o%m:.<7)mmizi5\e^xi±. ^^yr^tftt 

<^\^±t^^on^i^X^im^ti^Xdiz:^^t^t^ 

fih. tfz{22o)m{zM^m^h^tx\ mm: 



m^(jMmi,z^j:it^ti^ti^. 
[0019]$ i^>tc, ^^co^^i^m^ii. 
s^t^. M^cojt^^^^i-^^ov-yny^^ 

h(09^j:< b h--:>(Di^Vziym^mi)^ml^i^V 

y^mmi:^ts^t^^bLx\>-^^,mz. n^^-y 
ny^^^c®. i^i-yny^^M. pMi^yn 
y^^ii^m^mdmmtti^^m^izii\^x. ^ 
mm b Lxmmthm^ imi^'ja ym^mi^mi)^ 
Ei^yny^^M^^tfCfc-c. mfzm<7)mn^ 
m^m^i-t;ibt^m^z^j:t. mmmi^Oay^ 

xiiX\^L. m^i^v^y^nmbT^fi^yTXi^^ja 
ynm:b'mimm<o i t/c t>o 

x'h^xi>x\\ tfz. nmi^'j^ymmi^m. im 
i^^j::iy^^m. pMi^v a ymmi^m^2mj^ 
±mimmttiy(Mni}m^i>zis\^xi>mmx'ht. t 

t < \imi\:^mt>xA^^^^b m:i:^-^htii^. 
^iz^mLmm^mmi^'j^y^mmb-rhubx. % 

m'f<mmmm.z-^£h. 

10 0 20^ ^iz. ^m^<^i^ y ^ymmmi(^ 
:hm'^^<n^im\t. mmn ommz-^i ogh 

z (rymWmim^-^fzCVTymxmm-h ; b if^nt t 

cvD^a. mmi}-(^i^m'^i7mb\t^x^i^T 
coi^'jziy^mmcrm&immx'h*). iSnxhrM 
iy'j::iymmx/^m:hm'^comm^mb^j:^. 
[ 0 0 2 1 ] :^^(DjmW)m^\t. Huiei^y 
ziymi^^iz^tti6vym'i'(7>mfiK mmm^ 
mmizM-'>xm±Lx^^^zbi)m^L\.\ mdi- 
o^ymmmmm. •t^hhmmm'm.mimcm 

^mmtmyi^b^ii^tih. ^cofzisbmmm^^ 
mcommz^ x^^<my^'f-^mA't^^bi^mk 
m-h^b^thtih, 

[0022] mz;^^mmM%:hm'f^m^mm^z-^ 

[00233 ^1 \^^m^c7mMmjjm^(o-m^^ 
m^m:mmiTh^,m^. lom^^i^^. 1 

0 2ti^M. 10 3ti«Bm®. 104t^l£m® 
X'hh. ttl. 10 1-l*i^. 10 1-2ti^Jg 

m. ioi-3immmnMTh*). ^itihirn'mM 
mioicommm^hh, 
[0 0 24] mmm^ioi-ibLxit. m 

^w^'^i^-v^mKi^^^zm^^iofth. ^(rmmz 
\tmm:^m:-^\.x\rzi^x\^. mm^'tn^^xm 
mit^ty^^-mthmubtxioX\^. ttz. 

^Rcm^bi-^^bizX-^Xu-fi^ ' ■ u-}vm 
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X. .-K'j-f 5 m<n-^im^^^m\im^i o i - 

[0 0 2 5] (^M®)^JMl0 1-2timflittTcO 

x^^. ^<m^i}mtLxi±. mm. xj^v9. m 
[0026] mm 1 0 1 -2i±^<mm^zam^'r 

xmmx/m^(^njm^m^L. ^a^mio 21^ 
x(o^m^miii^w\^^^^. ttz. ^mi 0 1 

±t^m\^m-^ . 1 0 1 -3<mmm\t 
1 0-8 (i/QciD)tUiio-» {VQcamrxhhuti^mt 

Lv>. ^^{z. ^H^maiOl-Bti^Jg^lOl- 

2tmmiz^commizemt:^txi^hzti)miL 

mib-^^j:^:itipntL<. mm. CVD. M 

m^:m^m^^xmm-^:iti3mtL\\ :ifit^<o 

[0028] {mm!&m^)mL<7y-)imi,zx^.mm 
oi-i±;3^tc^tT, ^feJKiioi-2. mm 
nMioi-3^miLxmw&.mLioimm- 
±tz. m'i-<^wmt^mii.z't^ti}sb\,z. 

« 1 0 1 t Sr^ttT i i V ^ . 

[0029] ( ) i^mmi^ u vif^^Sl^ir^ 
1 0 2£0±fcS1^^i: LTti. r^}Vy r xffl 

Mn^'yisw^^r^n^, >^o$f^uv^-ifWfitio. 
i-Aom-roXhh. ^wm\0 2\t^i^\,z^ 

m.mtnii'^^^Lxhxw ^¥^m^^mpmw 
mh^ht,z\ti I i^^Tc^, nM^*ic®t-rsctiv 

m^i,z^j:hizm^^^^yv^^ 'yripm<^j:^<r>mtL 
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JK\^^i^imtXU^, 

[0 030] i^mmmm) ±^<^^i^mi 
0 2^ttx:*:i&Hj£0x V 3 y^mm^m^-tt t^a. 

cvDmzX'ox^mio2i:mmt^m<Dim 

10 ^m^<omm:fiizm:t^, 

^AL, fmrnrnMrn^^yy^zx-yxm^L-y-y. m 

(3) ^cOia^'h-^-t;rJ:'oTBJr^i7)ia^tc=Sr 

(4) mmmmm^x^x^^iifzmmmmsm 
mmmzmx-t^, mmmM\^^<mxi]m:i. mm 
mm^'izx-^xm^. T}u^i-t^^-/^x^j:i^co 
mmwm^-ftbxfmm.\^izmxtti^. ^mmmm 

20 ir--fMzX':>xm^.^m^^irLxfmm\^(tzm 

(5) wm.n^zr^x~7^^^^xm:f^x^^ 
m.m.nzun^ixfmm/&^^x o i \,zmm 

mmmh. nm^m^'m^zi^txmLmmr^L 
x^wmio2^mm-h. 
ioo3i\^^mio2(mm^tLx\i. 
mm*(mum.\t i o o-4 5 or. tfeSBt^uo . 

5mTo r r — 1 OTor r, ^^^>'^y-iiO. 0 0 
l-'lW/cm3*>'M=5:^ft^i: LTS>tf^>ii^. 

30 [0032] jhi^co^i^® 1 0 2m/^^m(r>z^v 3 
y^mm^^izmttim:^x}:: trtis i h4. s i 2 

He. S iFim(OzyV':iymTH^^-th:^Xitlo^ 

it^mifi^ti^, ^k^izi-^m^ui^^^. G 

ntU\ mi^XtLXU. H2^He=5:i:mtf^> 

n?., ^i^izmm. mmm^mttij^xitLohit^ 
'm^:^0xTmmi:^xttxmmbxhx\^\ ^ 

40 ii^m^pmmt't^t:iM}^-J^yh:^xtLXiiBz 
1-«»^46f7)K-/^yV;y;^i:LT*i. PH3. PF^mtf^ 
■r«»3ti6£7);(^::^i:LTti. PH3. PF^^i^^im^zm^^ 
[0033] tgfaffli7)|5M^^ s i cm<7)mJl&L<r&tc 

^x\zm-hmufx<m^^m'^v\S[mm^^f^v- 
50 [0034] {mmm)mi^mio3iiimm.m 
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0. in203m^mzm\^hztf}iT^h, ^crm^im: 

[0 0 3 6] (mm^)mm^l0 4tim^¥^ 

i^±.-r^tii^izmmm!mio3±i.zm^i^tih, ^<m 
^-)mhvt\t^ ^:K9^n\^xx)^';^\zx->xw^ 

[ 0 0 3 7 3 ^ij, 'Sm\z^^x^%^%^(mmz 

[00383 

[iisfe093 m<nmmx\t. ^^-hn^^h \^x±^ 
^m^m,zmfx%wm:^mi\z'thtK z.ixh<m 

[00393 lmml^m2^zm.tLmm&Wimm. 

2 0 1 ^fflV\ \:Xr<r^'^Xm3\,z5f;X.ttv i nM3te 

[ 0 0 4 0 3 02t±. 3y^^J^tX3t® 

=^»Fffi0T$>^ , @ 2 2 0 1 1±. 

Hi 2 0 2. 2 1 1 

-2 18, ^^$1X0^2 0 3*\ i]7.Y-V22 
1-229 i&^tTS^-r^ ^ t \ZX -yXmu^itX^^ 

:z<nmm^^m.'2.^nz\t. ^m^w^^:^ 

^'-h^®V^T^^4iei^m^2 0 4*«-b-y V^tt 
^^^i«m^204*i, ^^'5mt^20 

2\,z^w^i\^zff^\^yt^ty^%)^^,^fl. mm^M*)m 

^2 0 3X'W\co^>t'yiz^^Mi^ti^. ^im^M 
^^2 11-21 8ti, ^MtimMtr^LXii 

0 . mxMMwmmm2 4 1 -2 4 stca^atm^ 

25l'^258i)^i^mm^:h^m\tt^Cb(,zX^X 

S^eS^2 0 4±tC^«c^^mm$^^, ^:^c. # 
W«:BB^^^^2 11-21 8lCti, 
mi^:^^MXthtiib<r>itfXmX'^2 3 1-23 8*^ 

[004 13 02C:^L7t«m]^fi^S2O Hi. ^ 

mm^^zhM:x^m^x<7>yx:i-wm.<^-^^^mi't 
^mmm<rmw&m,2 o 4 tm^^t<^m 
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1 0 

ii&^<4=^i^]l^&^-r S ^ t § <t 9 C^ro 

[00423 S3ti, ^^JcOv-yriym^lS^Wi-^. 

SltPSScogmfciti^t^^^MLT^nB^^ 

[00433 Clc7)3te^Si^4^fr^ti. r^;U7 
10 rXnS^#«EMl0 2-ltiS^fe^aiS^^i*f^l0 
2-2 fctafe^BP^^^i*;® 102-3 ti)-^^j:^X\^ 

^io2-2tLT, ^mmi^vziy^mm/)im\^i^ 
[0044] OT, m2Axm3^mi^x^mmmcoj^ 

[00453 i-f, XfyUX (SUS430BA) 
^>=S:5^4JeiOS* (fli4 0 c m. 2 0 0 m, 

20 0. 1 2 5mm) ^-t^izmm. m^t. -^m^<o^ 

1 0 0 nmCOA I ^Mm^itf::. 
$ A.t;Z n O^-y-y hSrfflV^T. 1 . 2xem£0Z 
nO|5IK^AmMcOJi(c;^>'t-y^^^^L, 
1^^10 1 (204) iJB^ttl, 

[00463 mm*)tiit^20 2^zmm^ 

fe2 0 4^^l^3t.-Kb>^i^L. #mtta«2 0 4^ 
«JAiiiO;irxy-b 2 2 1 , ^i^mmM^m^2 1 

1. 212. 213. 214. 215. 216. 21 

30 7. 2is.mme^:^x-y-h2 2 9iitv.mm 
#5X0^2 0 3^-ciat. ^^<mm^m^2 0 4ti^ 
fz^t^j:\^^xo(,zm^^^^'yfz, -etr. mm^ 
tti t^2 0 2 . ^mmMmm2 11.21 

2. 213. 214. 215. 216. 217. 21 

8. mm^m^U2 0 3^yf m7^<7)M^^yri}-i^ 

=5:&^^f^t;J: 0.5X1 O-^TorrOT^Tj^E^tC 

[00473 mz. ^^m^^f^S-^o. 
m^M^m^2 1 1 tC;<rx^A'^2 3 1 i)-i^T^fi^y 

L. ^mik^m^M^mm 12. 213. 2 1 4tc;<r 

X#A'i232. 233. 2 3 4i)-i^W^^am^i^ 
mM^m^2 1 5t::;^X^A'g2 3 536>^>8St^8«HP^4^ 

m^i^imnzif^'ttmx'^iit, tti. 

^^^^512 16. 2 17. 2 18(C;!fX®AW2 3 
6. 237. 2 3 8*-i^200sccmiOH2^;:<.i^^ 

mmzymr^<rt^y-h:^xmkm-i^. 

50 y-h22 1. 222. 223. 224. 225. 22 



1 1 

6. 227. 228. 2 2 9t::>'-b;irxt 5 0 0 

[0048] mmwmmMmu\^(^&^m^t 

^2 0 4 5:30 ox:tcMt/;. 

{0049}mz^mmM^m2ii. 21 

2. 213. 214. 2 1 5rt£7)Mmfii24 1. 24 
2, 243. 244. 24 5tC. ^^^^2 5 1 . 2 
52. 253. 254. 2 5 5 J: O^M«^^SA 
L. 4^«cJgfi£fflS^^S2 11. 212. 213. 2 
14.21 5rt£0&m^rttC^^P-Stm^^t. ^ije 
£7)^tt^2 0 4±tC. ^^<|cj^fi^m^^2 1 1 
Tr^;UyrXnm^mi0 2-l imm20n 

m) ^. ^^mmM^mn2i2. 213. 214 

Tm^iM4^«c;gl02-2 (Mmi. 5nm) 
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IUIiMl-3. 1-8 


0.5 


3ppm 


58 
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